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Introduction
============

In 2010 an estimated 202 million people globally had peripheral arterial disease.[@ref1] The prevalence of the disease increases with age, from 1% of the population at age 40-49 years to 22.4% at age 80 or older.[@ref2] In an analysis of 48 294 study participants, peripheral arterial disease was associated with twice the risk of all cause mortality and three times the risk of death from vascular causes over a mean follow-up of 10 years.[@ref3] Despite widespread availability and the use of effective risk modifying interventions in the United States[@ref4] and Europe,[@ref5] peripheral arterial disease remains a leading cardiovascular cause of morbidity and mortality, and worldwide the burden from the disease is increasing.[@ref6]

Raised blood pressure is a known risk factor for peripheral arterial disease.[@ref7] [@ref8] Previously reported associations have, however, varied substantially, possibly as a result of the small size of existing prospective studies[@ref9] [@ref10] or lack of adequate adjustment for time dependent regression dilution bias[@ref11] (see supplementary table 1 and supplementary figure 1) Furthermore, the strength of the association of blood pressure with incident peripheral arterial disease by patient characteristics (for example, smoking status and body mass index) is unclear.

Peripheral arterial disease is a further risk factor for vascular disease, particularly coronary heart disease and stroke. In the meta-analysis by the Ankle Brachial Index Collaboration, peripheral arterial disease was associated with a 96% higher risk of fatal cardiovascular disease, 45% higher risk of coronary heart disease, and 35% higher risk of stroke.[@ref12] However, the relation between peripheral arterial disease and other vascular outcomes, including chronic kidney disease, atrial fibrillation, thromboembolism, and stroke subtypes, is unclear. Reliable quantification of the vascular risk associated with peripheral arterial disease, in a contemporary setting, is necessary for more targeted approaches to prevention and management.

We conducted an analysis of 4 222 459 participants in a contemporary setting using validated and linked electronic health records. As a complementary approach, we compared our results to meta-analyses of prospective studies.

Methods
=======

Participants and exposures
--------------------------

We used prospectively collected electronic health records, previously validated and used for epidemiological research,[@ref11] [@ref13] to identify a cohort of 4.2 million people. Electronic health records were combined from Clinical Practice Research Datalink (primary care) and, for eligible participants, Hospital Episode Statistics (secondary care), and the Office for National Statistics (cause specific mortality). We included all those aged between 30 and 90 years with no history of cardiovascular disease (with the exception of peripheral arterial disease) and a blood pressure measurement taken at a research standard practice (a practice meeting certain research quality standards) between 1990 and 2013. The exposure was this first blood pressure measurement. Covariates, including age, sex, body mass index, smoking status, and total cholesterol and high density lipoprotein cholesterol levels were taken as the closest recorded measurement within two years of the baseline blood pressure measurement. Patients were defined as having baseline antihypertensive treatment (*British National Formulary* chapters 2.2.1, 2.2.3-5 and 2.6.2) or lipid lowering treatment (chapter 2.12) if they were prescribed an antihypertensive or lipid lowering drug in the two years before a baseline blood pressure measurement. We classified people as having peripheral arterial disease at baseline if they had a previous diagnosis (in primary care or secondary care) of peripheral arterial disease before their blood pressure measurement. To identify covariates and endpoints, we used publicly available Read codes from the clinical codes repository.[@ref14]

Endpoints
---------

For the analysis of the relation between blood pressure and risk of peripheral arterial disease, the primary endpoint was the first diagnosis of peripheral arterial disease (see supplementary table 2). Participants were censored at the first diagnosis of peripheral arterial disease (either in primary care, in secondary care, or by mortality), transfer out of practice, death, or last collection date of practice.

For the analysis of the relation between peripheral arterial disease and vascular event, the primary endpoint was the first of 12 different vascular events: ischaemic heart disease, heart failure, atrial fibrillation, valvular heart disease, chronic kidney disease, ischaemic stroke, hemorrhagic stroke, unspecified stroke, aortic aneurysm, deep vein thrombosis, pulmonary embolism, and vascular dementia (see supplementary table 2). Participants were censored at the first of any of the 12 different vascular events, transfer out of practice, death, or last collection date of practice.

Statistical analysis
--------------------

Cox models, stratified by practice to account for clustering at the practice level, examined the relation between blood pressure and incident peripheral arterial disease, and the relation between baseline peripheral arterial disease and incident vascular disease. We excluded those with pre-existing peripheral arterial disease from the analysis of blood pressure and incident peripheral arterial disease. Blood pressure was analysed both as a continuous variable (for each 20 mm Hg higher systolic blood pressure and 10 mm Hg higher diastolic blood pressure) and as a categorical variable. The primary model was adjusted for age, sex, body mass index, diabetes, antihypertensive use, and lipid lowering drug use.

Measurement error in a blood pressure measurement and fluctuations in blood pressure will bias any association between measured blood pressure and an outcome of the interest to the null. To correct for this regression dilution bias,[@ref15] we used usual blood pressure as our exposure, applying similar methods to those of the Emerging Risk Factors Collaboration.[@ref16] We used generalised estimating equations to regress serial blood pressure measurements within the median follow-up of this study on the baseline blood pressure measurement. For systolic blood pressure and diastolic blood pressures, we calculated regression dilution ratios of 2.2 and 2.6, respectively. Blood pressure was analysed both as a continuous variable (for each 20 mm Hg and 10 mm Hg higher blood pressure) and as a categorical variable. We defined usual systolic blood pressure categories by the measured systolic blood pressure categories: \<105, 106-115, 116-125, 126-135, 136-145, 146-155, 156-165, 166-175, 176-185, 186-195, and \>195 mm Hg. Usual diastolic blood pressure categories were defined by the measured diastolic blood pressure categories: \<65, 66-75, 76-85, 86-95, 96-105, 106-115, \>115 mm Hg. We plotted hazard ratios against the mean of each blood pressure category. Age at baseline was analysed both as a continuous variable and as a categorical variable, defined by the following categories: 30-40, 41-50, 51-60, 61-70, 71-90 years.

Multiple imputation using chained equations was used to impute missing covariates; five imputations were generated.

To estimate the absolute increase in risk of peripheral arterial disease associated with a 20 mm Hg higher systolic blood pressure and a 10 mm Hg higher diastolic blood pressure in our cohort, we multiplied the absolute incidence of peripheral arterial disease in our cohort (in events per 100 000 person years) by the adjusted hazard ratio associated with a 20 mm Hg higher than usual systolic blood pressure and a 10 mm Hg higher than usual diastolic blood pressure. To estimate the absolute increase in risk of cardiovascular disease associated with baseline peripheral arterial disease in our cohort, we multiplied the incidence of cardiovascular disease in the population without peripheral arterial disease by the adjusted hazard ratio of cardiovascular disease associated with peripheral arterial disease.

Sensitivity analyses
--------------------

Eight sensitivity analyses were conducted. Firstly, we further adjusted models for total and high density lipoprotein cholesterol levels. Secondly, to account for potential cohort effects we further adjusted models for period of blood pressure measurement. Thirdly and fourthly, to examine whether results were influenced by reverse causality we excluded the first two and four years of follow-up. Fifthly, for the analysis of baseline blood pressure and incident peripheral arterial disease we excluded those receiving antihypertensive treatments at baseline. Sixthly, for the analysis of baseline peripheral arterial disease and incident vascular disease we excluded those with a diagnosis of peripheral arterial disease more than three years before, to restrict cases to recent diagnoses of peripheral arterial disease. Seventhly, from the analysis of baseline peripheral arterial disease and incident vascular disease we excluded all those who developed peripheral arterial disease during follow-up but did not have peripheral arterial disease at baseline. Finally, for the association between blood pressure and incident peripheral arterial disease and baseline peripheral arterial disease and incident cardiovascular disease, we examined only fatal cardiovascular events.

Meta-analyses
-------------

Two meta-analyses were performed: for blood pressure related to incident peripheral arterial disease and for baseline peripheral arterial disease related to vascular disease. For the blood pressure meta-analysis, an experienced research librarian designed a search strategy to identify previous studies on the association of blood pressure and peripheral arterial disease, published on Medline between January 1996 and February 2015. No language restrictions were applied. We considered studies to be eligible if they were prospective and had 100 or more participants, had a median follow-up of at least six months, and reported an association between blood pressure and incident peripheral arterial disease that could be standardised for each 20 mm Hg higher systolic blood pressure. Only cohort studies were included; we excluded cross sectional and case-control studies. Measures extracted in duplicate were relative risks (for example, hazard ratios, odds ratios), population size, characteristics of the study population, number of incident peripheral arterial disease events, and adjustments. Two studies used an average of repeated blood pressure measurements to attempt to control for regression dilution bias. However, four studies did not attempt to adjust for regression dilution bias by using multiple blood pressure measurements; we applied our regression dilution ratio of 2.2 to these studies before meta-analysis. One study reported a relative risk for each 1 mm Hg higher diastolic blood pressure, and we assumed that this corresponded to a 2 mm Hg higher systolic blood pressure.[@ref17] From previous cohort studies with our estimate we used random effects meta-analysis to pool relative risks, standardised for each 20 mm Hg higher systolic blood pressure. We used the I^2^ statistic to quantify heterogeneity between studies.

For the meta-analysis of baseline peripheral arterial disease and incident vascular disease, we pooled the relative risks for vascular death, ischaemic heart disease, and stroke from our cohort with those reported by the Ankle Brachial Index Collaboration meta-analysis.[@ref12] We used random effects meta-analysis to pool relative risks, and quantified heterogeneity between studies using the I^2^ statistic. Analyses were conducted using R version 3.0.

Patient involvement
-------------------

No patients were involved in setting the research question or the outcome measures, nor were they involved in the design and implementation of the study. There are no plans to involve patients in dissemination.

Results
=======

After excluding 11 014 472 ineligible individuals based on the inclusion criteria, 4 222 459 people qualified for our analysis (see supplementary figure 2). Of these potential participants, 18 269 (0.43%) had peripheral arterial disease at baseline and were excluded from the analysis of blood pressure and risk of peripheral arterial disease. The median age was 46 (interquartile range 36-59) years, and the median body mass index was 25.8 (23.0-29.3, table 1[](#tbl1){ref-type="table"}). Of the 4 204 190 participants without peripheral arterial disease at baseline, 44 329 (1.05%) developed peripheral arterial disease during follow-up and 485 760 (11.55%) had a non-peripheral arterial disease vascular event over a median follow-up of 7.0 years. Of the 18 269 participants with peripheral arterial disease at baseline, 7760 (42.5%) had a non-peripheral arterial disease vascular event during follow-up. See supplementary table 3 for the proportion of different ICD codes for hospital admission for peripheral arterial disease at different baseline ages.

###### 

 Characteristics of participants. Values are numbers (percentages) of participants unless stated otherwise

  Characteristics                                       Peripheral arterial disease at baseline   Overall            
  ----------------------------------------------------- ----------------------------------------- ------------------ ------------------
  No of participants                                    18 269                                    4 204 190          4 222 459
  Median (interquartile range) age at baseline          69 (61-77)                                46 (36-59)         46 (36-59)
  Women                                                 7679 (42.0)                               2 333 871 (55.5)   2 341 550 (55.5)
  Median (interquartile range) body mass index          25.6 (22.8-28.9)                          25.8 (23.0-29.3)   25.8 (23.0-29.3)
  Median (interquartile range) blood pressure (mm Hg)   147 (130-160)                             130 (120-144)      130 (120-144)
  Smoking status:                                                                                                    
   Current smoker                                       6218 (44.0)                               957 298 (28.0)     963 516 (28.1)
   Never smoker                                         3864 (27.3)                               1 856 810 (54.3)   1 860 674 (54.2)
   Former smoker                                        4061 (28.7)                               604 968 (17.7)     609 029 (17.7)
  Median (interquartile range) cholesterol level:                                                                    
   Total                                                5.3 (4.5-6.2)                             5.5 (4.7-6.2)      5.5 (4.7-6.2)
   High density lipoprotein                             1.3 (1.1-1.6)                             1.4 (1.1-1.6)      1.4 (1.1-1.6)
  Most deprived fifth\*                                 4101 (22.4)                               795 665 (18.9)     799 766 (18.9)
  Antihypertensive treatment:                                                                                        
   At baseline                                          6212 (34.0)                               417 900 (9.9)      424 112 (10.0)
   During follow-up                                     11 384 (62.3)                             1 207 609 (28.7)   1 218 993 (28.9)
  Lipid lowering treatment:                                                                                          
   At baseline                                          2528 (13.8)                               79 261 (1.9)       81 789 (1.9)
   During follow-up                                     7946 (43.5)                               650 560 (15.5)     658 506 (15.6)
  Diabetes at baseline                                  2690 (14.7)                               133 878 (3.2)      136 568 (3.2)

Proportion of patients with missing covariates: body mass index (30.5%), smoking (18.7%), total cholesterol (73.0%), high density lipoprotein cholesterol (80.2%).

\*Lowest fifth of socioeconomic status.

Association of usual blood pressure with risk of peripheral arterial disease
----------------------------------------------------------------------------

No evidence of a nadir in the relation between usual systolic blood pressure and incident peripheral arterial disease was observed in the range 115-170 mm Hg (fig 1[](#fig1){ref-type="fig"}). The strength of the association declined with increasing age, from a hazard ratio of 2.51 for each 20 mm Hg higher than usual systolic blood pressure at age 30-40, to 1.36 (95% confidence interval 1.31 to 1.41) at age 71-90 (figs 1 and 2[](#fig2){ref-type="fig"}). The association between 20 mm Hg systolic blood pressure and risk of peripheral arterial disease also declined with increasing body mass index, from a hazard ratio of 1.72 at body mass index ≤25 to 1.35 at body mass index ≥35 (fig 2). However, the absolute risk difference associated with a 20 mm Hg higher than usual systolic blood pressure increased with increasing body mass index and age, owing to the higher baseline absolute risk of peripheral arterial disease. Tests for interaction by smoking status and sex were not significant. Overall, a 20 mm Hg higher than usual systolic blood pressure was associated with a 63% higher risk of peripheral arterial disease (hazard ratio 1.63, 95% confidence interval 1.59 to 1.66) and a 10 mm Hg higher than usual diastolic blood pressure was associated with a 35% higher risk of peripheral arterial disease (1.35, 1.31 to 1.38, see supplementary fig 3). Supplementary table 4 shows the risk of peripheral arterial disease for different units of blood pressure. One standard deviation of systolic blood pressure was associated with a significantly greater risk of peripheral arterial disease than one standard deviation of diastolic blood pressure, indicating that systolic blood pressure is more strongly associated with risk of peripheral arterial disease than is diastolic blood pressure (supplementary table 4). Estimates were similar in various sensitivity analyses (see supplementary figures 4-9 and supplementary table 5). Corresponding absolute increases in risk of peripheral arterial disease associated with a 20 mm Hg higher systolic blood pressure and a 10 mm Hg higher diastolic blood pressure were 85 events and 47 events per 100 000 person years of follow-up, respectively.

![**Fig 1** Adjusted hazard ratios of systolic blood pressure and diastolic blood pressure for incident peripheral arterial disease by age. Adjustments were for body mass index, smoking status, sex, baseline diabetes, and baseline antihypertensive and lipid lowering drug use, and the interaction between age as a categorical variable and systolic and diastolic blood pressures as categorical variables, respectively. Confidence intervals are displayed as floating absolute risks. Hazard ratios are plotted at the mean of each usual systolic blood pressure and usual diastolic blood pressure category](emdc027545.f1_default){#fig1}

![**Fig 2** Adjusted hazard ratios of 20 mm Hg higher usual systolic blood pressure for incident peripheral arterial disease stratified by patient subgroup. Adjustments were for age, body mass index, smoking status, sex, baseline diabetes, and baseline antihypertensive and lipid lowering drug use. For subgroups of age, adjustment was also for the interaction between systolic blood pressure and age category. For subgroups of sex, adjustment was also for the interaction between sex and systolic blood pressure. For subgroups of body mass index, adjustments were also for the interaction between systolic blood pressure and body mass index category. For subgroups of smoking, adjustments were also for the interaction between systolic blood pressure and smoking status](emdc027545.f2_default){#fig2}

Six prospective studies that reported an association between blood pressure and risk of peripheral arterial disease were identified (see supplementary fig 10 and supplementary table 1). Although significant heterogeneity was observed between previous studies (I^2^=92.2%, see supplementary fig 1), a test for interaction between the pooled estimate of previous studies (relative risk 2.12, 95% confidence interval 1.20 to 3.76 for each 20 mm Hg higher systolic blood pressure) and the current estimate was insignificant (P=0.37). Overall, a 20 mm Hg higher systolic blood pressure was associated with a 92% higher risk of peripheral arterial disease (1.92, 1.38 to 2.65).

Association of peripheral arterial disease with incident vascular disease
-------------------------------------------------------------------------

Baseline peripheral arterial disease was associated with a 51% higher risk of a vascular event (hazard ratio 1.51, 95% confidence interval 1.47 to 1.55, fig 3[](#fig3){ref-type="fig"}). However, substantial heterogeneity was observed by the subtype of vascular event. Risk of atrial fibrillation and chronic kidney disease was only mildly higher with peripheral arterial disease (1.25, 1.16 to 1.34 and relative risk 1.31, 95% confidence interval 1.25 to 1.38). In contrast, the risk of heart failure was increased by 63% (relative risk 1.63, 95% confidence interval 1.52 to 1.75) and ischaemic heart disease by 68% (1.68, 1.58 to 1.79). Although the risk of ischaemic stroke and unspecified stroke was increased with peripheral arterial disease, no association with haemorrhagic stroke was observed. The vascular event with the strongest association was aortic aneurysm, for which baseline peripheral arterial disease was associated with 2.1 times the risk (hazard ratio 2.10, 95% confidence interval 1.79 to 2.45). Estimates were similar in various sensitivity analyses (see supplementary figs 11-17 and supplementary table 6). Although a lower risk of haemorrhagic stroke was observed when the first four years of follow-up were excluded (see supplementary fig 13), this was not observed in any other sensitivity analyses, suggesting that this inverse association may be due to chance. The corresponding absolute increase in risk of any cardiovascular event associated with baseline peripheral arterial disease was 802 events per 100 000 person years of follow-up, respectively.

![**Fig 3** Adjusted hazard ratios of baseline peripheral arterial disease versus no peripheral arterial disease for 12 different vascular events. Adjustments were for age, body mass index, smoking status, sex, baseline diabetes, baseline antihypertensive and lipid lowering drug use, and baseline peripheral arterial disease](emdc027545.f3_default){#fig3}

The relative proportion of incident non-peripheral arterial disease vascular events was broadly similar among participants with and without peripheral arterial disease (table 2[](#tbl2){ref-type="table"}). Despite the modest association of incident chronic kidney disease with peripheral arterial disease, the most common initial vascular event among those with peripheral arterial disease was chronic kidney disease (24.4% of initial events) owing to the high incidence of chronic kidney disease in the non-peripheral arterial disease population (28.9% of initial events among those without peripheral arterial disease). Among participants with peripheral arterial disease, the second most common initial vascular event was ischaemic heart disease (18.5% of initial events), followed by heart failure (14.7%) and atrial fibrillation (13.2%). These four outcomes (chronic kidney disease, ischaemic heart disease, heart failure, and atrial fibrillation) comprised 70.8% of all initial vascular events among participants with peripheral arterial disease. The least common initial vascular event among participants with peripheral arterial disease was haemorrhagic stroke (1% of vascular events).

###### 

 Distribution of first vascular event among participants with or without peripheral arterial disease at baseline. Values are numbers (percentages) of participants

  Vascular events           Peripheral arterial disease at baseline   
  ------------------------- ----------------------------------------- ----------------
  Chronic kidney disease    1895 (24.4)                               140 238 (28.9)
  Ischaemic heart disease   1434 (18.5)                               70 245 (14.5)
  Heart failure             1143 (14.7)                               48 934 (10.1)
  Atrial fibrillation       1021 (13.2)                               80 872 (16.6)
  Unspecified stroke        838 (10.8)                                36 304 (7.5)
  Deep vein thrombosis      369 (4.8)                                 37 687 (7.8)
  Aortic aneurysm           243 (3.1)                                 6652 (1.4)
  Valvular heart disease    174 (2.2)                                 17 853 (3.7)
  Ischaemic stroke          266 (3.4)                                 14313 (2.9)
  Vascular dementia         155 (2.0)                                 7212 (1.5)
  Pulmonary embolism        147 (1.9)                                 17 135 (3.5)
  Haemorrhagic stroke       75 (1.0)                                  8315 (1.7)
  All vascular events       7760 (100)                                485 760 (100)

When observed risks of stroke (all subtypes), ischaemic heart disease, and vascular mortality were compared with previously reported relative risks from the Ankle Brachial Index Collaboration, no significant interaction was observed for stroke or vascular mortality (P=0.39 and P=0.73 for interaction, respectively, see supplementary fig 18). The risk of ischaemic heart disease was increased compared with the results of the Ankle Brachial Index Collaboration (relative risk 1.68, 95% confidence interval 1.58 to 1.79 *v*1.35, 1.10 to 1.65, P=0.04 for interaction). Overall, after random effects meta-analysis peripheral arterial disease was associated with a 64% higher risk of stroke (1.64, 1.54 to 1.75), a 54% higher risk of ischaemic heart disease (1.54, 1.25 to 1.90), and an 86% higher risk of vascular death (1.86, 1.75 to 1.99).

Discussion
==========

In this analysis of 4.2 million people and 44 329 incident peripheral arterial disease events, systolic blood pressure was observed to continuously relate to risk of peripheral arterial disease, with no evidence of a nadir in the range of 110 to 170 mm Hg. A 20 mm Hg higher systolic blood pressure was associated with a 63% increase in risk of peripheral arterial disease, whereas a 10 mm Hg higher diastolic blood pressure was associated with a 35% increase. Although the proportional association between systolic blood pressure and peripheral arterial disease declined with increasing age and body mass index, the association was not modified by sex or smoking status. Baseline peripheral arterial disease was observed to be a further risk factor for 11 different vascular events.

Strengths and limitations of this study
---------------------------------------

This analysis has several strengths. The large size of this analysis (more than four million participants, more than 400 000 non-peripheral arterial disease vascular events, and more than 40 000 peripheral arterial disease events) allowed for the examination of associations in patient subpopulations (for example, by age and body mass index) and the examination of less common vascular events (for example, haemorrhagic stroke, pulmonary embolism). The population under study is also contemporary, with widespread use of antihypertensive and lipid lowering drugs.

This analysis also has several limitations. Firstly, we used information from electronic health records. Although the Clinical Practice Research Datalink database has been validated and used extensively for epidemiological research, including the relations between blood pressure, diabetes, and vascular disease,[@ref11] [@ref18] the risk of misclassification of events may be greater than in a traditional cohort study. However, our estimates were consistent in several sensitivity analyses. Furthermore, we supplemented our analysis of Clinical Practice Research Datalink with a meta-analysis of prospective studies examining the association between blood pressure and peripheral arterial disease, and for analysis of the association between peripheral arterial disease and vascular disease we compared our estimates with a previous meta-analysis. This complementary approach allowed us to validate our overall estimates, while providing us with the power to examine associations in patient subpopulations and for less common vascular events. Secondly, people with hypertension and peripheral arterial disease may be more likely to be screened for cardiovascular disease than people without those disorders. However, analysis of cause specific mortality events (which are unlikely to be influenced by screening) resulted in similar estimates.

Comparison with previous studies
--------------------------------

Previous analyses of the relation between blood pressure and peripheral arterial disease have largely been limited to cross sectional studies.[@ref1] [@ref7] Of the six previous prospective cohort studies that were identified, five observed a significant positive association between blood pressure and peripheral arterial disease, whereas one observed a negative association (see supplementary fig 1). Our results of a positive association between blood pressure and peripheral arterial disease are consistent with our meta-analysis of these previous studies, and our observation of an interaction of the association between blood pressure and risk of peripheral arterial disease by age is consistent with a previous analysis of data from the Clinical Practice Research Datalink.[@ref11] Our demonstration of an interaction effect by body mass index but not by sex or smoking status, extends these previous studies. In particular, the lack of an interaction observed by smoking status highlights the importance of adequate blood pressure control for prevention of peripheral arterial disease in both smokers and non-smokers. Given that current smoking is associated with 4.5 times the risk of prevalent peripheral arterial disease,[@ref7] the absolute difference in risk associated with a 20 mm Hg higher systolic blood pressure in current smokers will be approximately 4.5 times the associated risk in non-smokers. Similarly, while proportional associations declined with increasing age and body mass index, the absolute risk difference increased, owing to the much greater absolute risk of peripheral arterial disease with increasing age and body mass index.

In the second analysis of this study, peripheral arterial disease was observed to be a risk factor for 11 different vascular events. However, the strength of the association between baseline peripheral arterial disease and initial vascular disease varied significantly, from a 25% higher risk of atrial fibrillation to a 110% higher risk of aortic aneurysm. Baseline peripheral arterial disease was also associated with a significantly higher risk of ischaemic heart disease and unspecified stroke. Despite the modestly higher risk of chronic kidney disease associated with peripheral arterial disease (hazard ratio 1.31, 95% confidence interval 1.25 to 1.38), chronic kidney disease was the most common initial vascular event among people with peripheral arterial disease, owing to the high absolute risk of the event in populations with non-peripheral arterial disease. Overall, 71% of initial vascular events were one of chronic kidney disease, ischaemic heart disease, heart failure, and atrial fibrillation.

Previous analyses of the association between peripheral arterial disease and other vascular events have largely focused on peripheral arterial disease and ischaemic heart disease or stroke. In the Ankle Brachial Index Collaboration, peripheral arterial disease was associated with a 64% higher risk of stroke (relative risk 1.64, 95% confidence interval 1.54 to 1.75), a 54% higher risk of ischaemic heart disease (1.54, 1.25 to 1.90), and an 86% higher risk of vascular death (1.86, 1.75 to 1.99).[@ref12] Our results were broadly similar to those of this meta-analysis of traditional cohort studies, with no significant interaction between our estimate and the previous meta-analysis's estimate observed for stroke or vascular mortality and a mildly increased risk of ischaemic heart disease observed in our population compared with the Ankle Brachial Index Collaboration's estimate.[@ref12] Our demonstration of associations between peripheral arterial disease and several vascular events, including aortic aneurysm, ischaemic stroke, chronic kidney disease, valvular heart disease, heart failure, vascular dementia, deep vein thrombosis, and venous thromboembolism, extends this and previous analyses[@ref19] [@ref20] [@ref21] and provides reliable quantification of the strength of the association of peripheral arterial disease with less commonly reported vascular events.

Clinical and research implications
----------------------------------

Our results have several clinical and research implications. The strong continuous association of baseline blood pressure with incident peripheral arterial disease suggests that blood pressure lowering may reduce the risk of peripheral arterial disease. An individual patient data meta-analysis, such as the Blood Pressure Lowering Treatment Trialists' Collaboration, could confirm this observation and examine whether effects differ in important patient subpopulations, such as current smokers. The reliable estimation of the association of both systolic and diastolic blood pressure with incident peripheral arterial disease, adjusted for regression dilution bias, may also allow for the improved design of clinical trials aiming to examine the effects of blood pressure lowering on peripheral arterial disease. The subgroup specific associations of blood pressure with peripheral arterial disease may inform communication of risks associated with raised blood pressure with patients.

Our results also highlight the importance of tailoring treatment in peripheral arterial disease beyond the prevention of stroke and ischaemic heart disease. Indeed, both represented only one third (33.7%) of initial presentations of vascular disease among those with peripheral arterial disease. As the treatments most effective for the prevention of atrial fibrillation, chronic kidney disease, or heart failure may differ from those most effective for the prevention of ischaemic heart disease and stroke (for example, calcium channel blockers are less effective at preventing heart failure than are other blood pressure lowering drugs),[@ref22] these results suggest that guidelines focused on the management of peripheral arterial disease should consider the heightened risk that people with peripheral arterial disease have for a variety of vascular events, beyond stroke and ischaemic heart disease.[@ref23] Recent large trials in peripheral arterial disease have largely used ischaemic heart disease and stroke as outcomes, while excluding other vascular events, including heart failure, chronic kidney disease, or atrial fibrillation, as adjudicated endpoints.[@ref24] [@ref25] Our results suggest that trials conducted in populations with peripheral arterial disease should consider including other vascular events as outcomes, particularly heart failure, atrial fibrillation, and chronic kidney disease (which in combination represent more than half of initial vascular events among those with peripheral arterial disease).

Conclusions
-----------

A 20 mm Hg higher than usual systolic blood pressure is associated with a 63% higher risk of peripheral arterial disease. This association is modified by age and body mass index but not by sex and smoking status. Peripheral arterial disease is a further risk factor for atrial fibrillation, chronic kidney disease, valvular heart disease, vascular dementia, pulmonary embolism, heart failure, ischaemic stroke, deep vein thrombosis, ischaemic heart disease, unspecified stroke, and aortic aneurysm. However, the most common initial presentation of vascular disease among those with peripheral arterial disease was chronic kidney disease, followed by ischaemic heart disease, heart failure, and atrial fibrillation.

### What is already known on this topic

1.  Limited evidence suggests that raised blood pressure is associated with an increased risk of peripheral arterial disease and that the disease is associated with an increased risk of ischaemic heart disease and stroke

2.  However, previous analyses of the association of blood pressure with risk of peripheral arterial disease have not been sufficiently large to reliably investigate the associations in more detail

### What this study adds

1.  In this large scale analysis of a contemporary cohort, each 20 mm Hg higher systolic blood pressure was associated with a 63% higher risk of peripheral arterial disease

2.  The strength of the association declined with increasing age and body mass index but was not modified by sex or smoking status

3.  Peripheral arterial disease was further associated with a wide range of incident vascular diseases, including ischaemic heart disease, heart failure, aortic aneurysm, chronic kidney disease, and stroke
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